ABSTRACT: The security of the substation is the top priority in the electric power system. This paper researches 3D spatial modeling in the substation through the spatial data acquired by the terrestrial 3D laser scanner. This paper first discusses the impact of the point on the data acquisition and then stitches and registers the original measurement data through the whole match and correction, and finally establishes a 3D surface model. The research shows that, 3D laser scanning technology can be used to quickly construct a 3D spatial visualization model and solve deficiencies of the traditional measuring instruments and measuring methods in the substation and other special fields. In order to be able to realize digitalization of the substation resources, this paper provides a new direction for the construction of a 3D model in the substation.
INTRODUCTION
With the continuous development and innovation of the visualization technology and computer technology, people's thoughts are no longer limited to understand and observe the object itself by the two-dimensional image, but clearly feel the object through the digital 3D technology. For this purpose, as an emerging form of media, 3D model technology has gradually been accepted by the public, and has widely used in many fields, such as movie, game, archeology, medical treatment, industrial design and so on. Moreover, with the rapid development of visualization technology in this year, 3D model technology has also been greatly improved.
The visualization technology originated in the early 1990s directly promotes 3D model construction technology. It not only combines with the computer technology, but also the image processing techniques, graphics, network technology, communication technology, infrared technology and science and technology in other related application fields. It adopts powerful computing and graphics capabilities of the super computers and engineering workstations to quickly handle mass data and represent in an intuitive visual way in order to facilitate in-depth insight into the experimental or simulation data and capture their inner links. Its main approach is to convert a variety of complex data into an intuitive 3D figure and image, so as to better understand the meaning of the data or process. There are two ways to establish a 3D model: One is to establish the model through data by using 3D modeling tools, and the other is to generate a 3D model through scanning real objects by using 3D scan tools. In the substation visualization system of the power system, 3D model of the substation is often established by the second way due to its complexity and particularity. This paper verifies the second modeling way through an instance of "The Construction Project about Digital 3D Visualization System of State Grid Henan Electric Power Company".
IMPLEMENTATION PLAN OF YINSHUI SUBSTATION
The size and number of the substation constructed is substantially the same, so the 3D model of each substation is also substantially the same. Taking the construction of 3D model in Yinshui substation as an example, the construction content of this model mainly consists of four aspects: the primary equipment of the substation (including circuit breakers, transformers, disconnectors, voltage transformers, high-voltage switchgears and so on), the GIS equipment of the substation, the secondary equipment of the substation (including the protection equipment, the measurement and controlling device and the backstage and fire control device) and the geological environment of the substation (including houses, roads and so on). The requirement of Party A is very demanding, so each wiring point in the model shall be embodied. The project mainly uses a removable terrestrial panoramic laser scanner to respectively acquire substation data from the inner chamber and outer chamber of the substation, and then constructs the 3D model of Yinshui substation through various data acquired. Due to the relatively large size of the substation and more complex facilities, the acquisition capability of the terrestrial laser scanner entirely affects the accuracy of the 3D model. According to the experience in the application of foreign laser data in the transmission network, the relative accuracy of the point cloud data is greater than 0.1m by using the laser point cloud for engineering analysis of transmission lines. That is, the relative accuracy of the laser scanner must reach 0.1m, and the volume of the laser scanner must be suitable for putting on the movable device. The weight and volume requirement selected: The weight is required to be less than 30kg, and the volume is required to be smaller than 30cm*30cm*60cm. Safety requirement: Different wavelengths of laser beams emitted by the laser scanner may cause certain damages to the equipment in the substation. Therefore, according to the actual situation of the substation, the equipment shown in Figure 1 is selected. 
1) Data acquisition
To construct a highly consistent 3D model which is 1: 1, the data acquisition is very important. The accuracy of data acquisition has a direct impact on the accuracy of the model. This process mainly adopts the terrestrial 3D laser scanner to perform multidimensional scanning of the substation. And this step will obtain a series of point cloud data.
2) Data registration Due to more complex substation structures, a single scanning can only obtain a part of substation data, so there is a must to acquire point cloud data of the object from different viewpoints (different locations and directions). The selection of acquisition viewpoint has a direct impact on the difficulty of post processing. The more the acquisition viewpoint is, the greater the difficulty in registration and post processing is. Therefore, there is a need to select few viewpoints to make each viewpoint comprehensively cover this surface as much as possible. Therefore, the reasonable viewpoint planning is able to reduce a lot of unnecessary work. The selection of viewpoints of Yinshui substation is mainly divided into the inner chamber and the outer chamber. It adopts different viewpoints to carry out data acquisition for the inner chamber and the outer chamber, and then converts all data into the same coordinate system through the coordinate system conversion, and then uses an iterative point algorithm for registration. The so-called iterative point algorithm is the matching function of 3D point cloud data in coordinate system conversion according to the data in different coordinate systems, namely:
Assuming that there are two given data sets P and Q, the spatial alternation f of two point sets of p is given to make spatial match. There are two 3D points in the 3D space, and their distance is expressed as follows:
The purpose of 3D point cloud matching is to find the matrixes R and T with the changes of P and Q.
For ,
We use the least-square method to acquire the optimal solution, so we acquire: R and T when is the least.
After initial matching by the use of above algorithm, translation variation is made by all points in the point set P`, and then the matching degrees of the point sets P` and Q` (or number of iterations) are compared as a condition of the algorithm termination.
The specific method is for each point in the point set P to find its nearest point in Q as a corresponding point. By the use of obtained in the previous step, a certain step solves to make the following function least:
Then, a better effect can be achieved after .
3) Grid generation
Due to more complex construction of Yinshui substation and relatively large scale, the use of conventional method of the point cloud tandem connection is unable to achieve grid generation. Moreover, the grid generated by using the conventional method will lead to relatively large errors. Therefore, the main application is Delaunay triangulation method, which is used to process the point cloud after registration. Delaunay triangulation has a very simple implementation method: a) Construct an arbitrary triangulation of the plane point cloud.
b) As shown in Figure 2 , if there are two adjacent triangles, then there satisfies: c) Implement edge exchange until two edges' adjacent triangles unable to satisfy the conditions of edge exchange in the above formula. At this time, the triangulation acquired is Delaunay triangulation. 
4) Grid post processing
After obtaining the grid model, there are a lot of problems on the grid, which could not be directly used. For example, due to the limitation of data acquisition devices and error accumulation brought by the data registration and networking, the model generated may have a large noise, which requires us doing noise reduction processing. For another example, due to the self-shielding of the model and the restrictions of the data acquisition environment, some parts of the model may be missed, which is an empty on the model. Generally, we need to fill up the empty.
 Noise reduction Noise reduction of the model is to reduce the noise on the model. The error of data acquisition equipment is an important source of noise. In addition to the noise brought by the data acquisition equipment, the cumulative error caused by the registration and grid generation also brings a great deal of noise. The common method of noise reduction is to replace one vertex with the average position of its surrounding vertices, so as to smooth the grid and reduce noise. However, for the grid model, noise reduction is not required by all regions. To reduce noise in unsuitable regions, it may erase features of the model. However, it is difficult to distinguish from the noise and features, so it is more difficult to achieve noise reduction processing in the automated selection regions. Generally, we manually specify the regions required for noise reduction. Empty filling is to fill in the missing part on the model. Due to the self-shielding of the model and the restrictions of the data acquisition environment, the model acquired usually misses some parts compared with the original object. After registration and networking, the missing part is still missed, which forms an empty on the model. There are small and large empties on the model. Generally, we only fill in relatively small empties. For relatively large empties, we do not know the true shape of the missing part of the original object, so we generally do not process. 5) Texture mapping After post processing of the grid model, the grid model with a better structure can be obtained, and then the networking process usually ends. However, sometimes, for the beauty of the model, we can map the color of the object on the surface of the model, so as to improve the beautiful degree of the model. This is a texture mapping process. To map the color on the surface of the model greatly improves the beautiful degree of the model. Even if the model itself is relatively rough, the model will have a good visual effect after mapping. The texture mapping is widely used in the game entertainment. And in the game, 3D model used is generally very rough (up to several thousand triangles), but the resolution of the mapping used is very high. To do texture mapping, we first use a digital camera to obtain the texture (color) on the surface of the object to be tested, and then select a corresponding point between the texture and model, and map the texture on the corresponding position of the model. To obtain the texture of a model, there is usually a need to acquire multiple texture photos, but the color of the photos is greatly affected by ambient light. Therefore, the seams of different photos are generally unable to be linked up well when different photos are pasted on the surface of the model. This paper carries out the research and implementation of the digitization, the networking and dynamic visualization for the resources, landscape, safety, environment, equipment management and other social resources in Yinshui substation, so as to greatly enhance the intelligent and digital process of the substation, and provide real-time operational data of the substation for the regulators, thus providing a more direct and real objective and research object for the management and decision making.
